Compared with men, women are at higher risk of rehospitalization in the first month after discharge for acute myocardial infarction (AMI). However, it is unknown whether this risk extends to the full year and varies by age. Explanatory factors potentially mediating the relationship between sex and rehospitalization remain unexplored and are needed to reduce readmissions. The aim of this study was to assess sex differences and factors associated with 1-year rehospitalization rates after AMI.
B
ased on data predominately from the elderly Medicare population, it is known that patients ≥65 years of age have a high rehospitalization rate up to 1 year after acute myocardial infarction (AMI), approaching or ˃50%. 1 For example, women are at higher risk of rehospitalization than men, [2] [3] [4] [5] [6] particularly during the first month after discharge. 7 However, much about these associations is unexamined because previous studies predominately used shorter term outcomes and administrative claims data, limiting the ability to consider clinical, patient-centered data in understanding the increased risks in women.
To better understand potential disparities in rehospitalization rates of women and men, we used data from the multicenter TRIUMPH study (Translational Research Investigating Underlying Disparities in Acute Myocardial Infarction Patients' Health Status). 8 TRIUMPH provides data on adjudicated rehospitalizations and a depth of patient, clinical, and treatment factors that might be associated with rehospitalization after AMI. Our objectives were to: (1) examine sex differences in the incidence of all-cause rehospitalization 1 year after AMI; (2) assess the independent association of sex with 1-year rehospitalization by sequential adjustment for sociodemographics, risk factors, disease severity, and psychosocial factors; and (3) determine whether an interaction was discovered between age and sex to clarify whether sex differences in rehospitalization are prevalent for both younger (≤55 years of age) and older (>55 years of age) patients, given that younger women have been shown to have poorer outcomes and worse recovery 1-year after AMI. [9] [10] [11] Our hypothesis was that women, particularly younger women, have a higher risk of rehospitalization up to 1 year after AMI, which would be explained by differences in clinical characteristics, health status, and psychosocial factors.
METHODS Participants and Study Design
Between April 2005 and December 2008, 4340 patients hospitalized with AMI were enrolled in the TRIUMPH study, a prospective, 24-center US study designed to investigate disparities in health outcomes after AMI. 8 The methodology of TRIUMPH has been previously described. 8 In brief, patients were eligible if they were ≥18 years of age, had an elevated troponin or creatinine kinase-MB blood test during the initial 24 hours of admission, and presented with other evidence supporting the diagnosis of AMI (eg, 20 minutes of ischemic symptoms or electrocardiographic ST changes). Patients who did not present to the enrolling institution were eligible only if they were transferred within the first 24 hours of presentation. Patients who developed elevated cardiac enzymes as a complication of elective coronary revascularization were excluded. The institutional review board at each institution approved the study, and participants gave informed consent.
For our study, we further excluded patients who were discharged against medical advice (N=10), transferred to another facility during their hospitalization (N=86), died in-hospital (N=24), or were missing rehospitalization data (N=684), resulting in a final cohort of 3536 patients (2366 men and 1170 women).
Data Collection and Study Definitions
Baseline hospitalization data were collected by medical chart abstraction and standardized in-person interviews administered by trained personnel within the first 72 hours of the index AMI admission. Detailed information on sociodemographic and socioeconomic status factors, medical history, and presentation characteristics were collected by interview and chart abstraction (Table 1) .
Health status domains were measured using the Short Form-12 12 and the Seattle Angina Questionnaire. 13 The Short Form-12 is a valid and reliable instrument and is the most widely used generic health status instrument to quantify patients' mental and physical functional status. 12, 14 Both the Short Form-12 physical and mental component summary scores were calculated for this study and ranged from 0 to 100, with higher scores indicating greater functioning. A score of 50 represents the US population average, with a standard deviation of 10 points. 15, 16 The Seattle Angina Questionnaire is a 19-item, disease-specific, health-related, quality-of-life measure for patients with coronary artery disease. 13, [17] [18] [19] For the purpose of our study, the physical limitation, angina frequency,
Clinical Perspective
What Is New?
• This study is the largest to date that characterizes sex differences in the incidence and association of sex with 1-year rehospitalization after acute myocardial infarction.
• We also provide information on whether sex differences in rehospitalization vary by age, given that younger women have been shown to have poorer outcomes and worse recovery 1 year after acute myocardial infarction.
• In addition, we advance the field by providing potential explanatory factors that may mediate the relationship between sex and rehospitalization, which are needed to reduce readmissions.
What Are the Clinical Implications?
• This study provides confirmatory support that a sex disparity exists for 1-year rehospitalization, whereby women of all age groups are at higher risk compared with men of similar age.
• We also show that the increased risk for readmission in women may be explained by a complex interplay of factors, including health status and depression.
• An opportunity may exist to design sex-based interventions to improve care after discharge for patients over the first year after acute myocardial infarction (ie, that aim to improve health status/psychosocial well-being). treatment satisfaction, quality-of-life domains, and summary score were used, which range from 0 to 100 points, with higher scores being better. 13 Depression was assessed using the Patient Health Questionnaire-9, 20 a standardized and validated instrument in cardiac populations. [21] [22] [23] The Patient Health Questionnaire-9 quantifies the frequency of depressive symptoms experienced in the past 2 weeks based on the 9 Diagnostic and Statistical Manual of Mental Disorders (4th edition) criteria for a major depressive disorder. 24 A Patient Health Questionnaire-9 score ≥10 has 88% sensitivity and specificity to detect major depression. 25 Perceived social support was measured using the ENRICHD Social Support Instrument, 26 a reliable and valid assessment of social support in cardiac populations 26, 27 and after AMI. [28] [29] [30] Lastly, perceived stress was measured using the 4-item perceived stress scale (perceived stress), 31 a reliable and valid measure of patients' sense of control or confidence in handling circumstances over the prior month, with higher scores (range: 0-16) indicating greater perceived stress.
Rehospitalization Data Adjudication
Patients enrolled in the TRIUMPH study were interviewed at 1, 6, and 12 months after their AMI and were asked to report all hospitalizations since their last contact, including the hospital name, date and reason. After obtaining consent from the patient and each hospital, all hospitalization records within the first year after the patient's index AMI were requested and adjudicated by a physician panel. The first unplanned rehospitalization due to any cause, within 1 year of the index admission, was identified as a rehospitalization. Two cardiologists reviewed the hospital records and independently classified the reason for hospitalization. If there was disagreement, the record was adjudicated by a third senior cardiologist and, if disagreement persisted, up to 5 cardiologists independently reviewed the charts until consensus was obtained. The TRIUMPH study also collected data on the principal diagnoses associated with rehospitalization, with particular attention to cardiac versus noncardiac diagnoses (online-only Data Supplement Table I ). Survival through 1 year was also assessed.
Statistical Analysis
Frequencies, means and standard deviations, and medians with interquartile ranges were calculated for categorical and continuous variables. Statistical differences for the overall sample and between sexes were determined using chi-squared tests, t-tests, and Wilcoxon Rank Sum tests, where appropriate. Kaplan Meier curves were used to compare rehospitalization outcomes at 1 year for women and men using the Logrank test. To examine for potential biases due to attrition from mortality, we considered death as a competing event (ie, if a death and rehospitalization occurred on the same day, the death would be counted, and the censoring for rehospitalization would cease) to compare the cumulative incidence rates with the Kaplan-Meier estimated rate of 1-year rehospitalization.
We selected several patient and hospital level variables, a priori, that might be associated with sex differences in the risk of all-cause rehospitalization at 1-year. Bivariate analyses were first performed to examine the association of potential predictors with all-cause rehospitalization at 1-year. 32 A Cox proportional hazards model, using sequential adjustment for potential confounders, was used to determine the independent effect of sex on 1-year rehospitalization for women versus men, which was represented by risk-adjusted hazard ratios and 95% confidence intervals. The (Model 6) . In the final model, we tested the interaction between age and sex to explicitly examine whether rehospitalization was modified by age (using ≤ or >55 years of age based on previous studies). 10, 11 The multivariable model accounted for clustering of patients within site of care using a hierarchical model, with site as a random effect. 33 Approximately 20% of patients were missing rehospitalization data lost to follow-up. Because of these missing data, we conducted a sensitivity analysis using inverse probably weighting on the probability of being observed. 34 The final results were similar to the complete case analysis. Characteristics of those included in the final cohort and those missing rehospitalization data are presented in online-only Data Supplement Table II . In brief, similar rates of missingness were found by sex (observed: 33% women vs 67% men; not observed: 34% women vs 66% men; P=0.69), the key exposure variable for this analysis. In general, patients missing rehospitalization data were younger and more likely to be black, not married, uninsured, and not working. Patients missing rehospitalization data also had higher rates of hypertension, diabetes mellitus, heart failure, and alcohol abuse. In terms of psychosocial factors, patients missing rehospitalization data had significantly poorer physical and mental generic health status, worse disease-specific physical limitations, more angina frequency, worse quality of life, and reduced levels of social support compared with patients included in the final cohort.
Missing covariate data were assumed to be noninformatively missing. For covariates considered in each model, missing values were rare (<5% in the study cohort) and, given the available observed data, were imputed using multiple imputation to allow incorporation of all patients and to correctly account for uncertainly caused by missingness. More specifically, missing covariate data were imputed using a sequential regression imputation that contained all independent and dependent variables from the full multivariable model (IVEware; Institute for Social Research). The missing covariate data for baseline clinical, health status, and psychosocial factors are presented in online-only Data Supplement Table III . For all statistical analyses, the significance level was 2-sided, with a P-value <0.05. All analyses were conducted using SAS 9.2 (SAS Institute Inc.).
RESULTS

Baseline Characteristics
Baseline characteristics for the overall sample (N=3536) and stratified by sex (N=1170; 33% women) are presented in Table 1 . Women were significantly older than men; were more likely to be black, nonmarried, and have a lower education; were less likely to be working; and had more difficulty receiving medical care compared with men. In addition, women were more likely to have hypertension, diabetes mellitus, chronic lung disease, peripheral vascular disease, prior stroke/transient ischemic attack, cancer, depression, and obesity, but they were less likely to smoke, to have alcohol abuse, or to experience sleep apnea.
On arrival, women had a higher GRACE risk score and were more likely to present with NSTEMI, have smaller infarcts (as suggested by lower creatine kinase/troponin levels), have a higher initial heart rate and have less diseased vessels than men of similar age; they were also less likely to receive percutaneous coronary intervention or coronary artery bypass grafting.
Women reported significantly poorer physical and mental generic health status than men, worse diseasespecific physical limitations, more angina frequency, and worse quality of life. Finally, women reported higher levels of depression and perceived stress but had similar levels of social support as men (Table 2) .
One-Year Crude Rehospitalization Rates
The unadjusted rehospitalization curves for the overall population are presented in Figure 1 . Results stratified by age (≤55 and >55 years) are presented in Figure 2 . In total, 865 (24.5%) all-cause rehospitalizations were discovered at 1 year, including 537 (22.7%) rehospitalizations for men and 328 (28.0%) for women within the first year after an AMI. The crude 1-year rehospitalization rate (Kaplan-Meier estimated) for women was significantly higher than that for men (31.3% vs 25.2%, P<0.001), with the curves for rehospitalization diverging within 1 month after discharge.
The 1-year mortality rates for women and men were 3.6% and 2.9%, respectively (P=0.034). Even after accounting for the competing risk of mortality, statistically significant differences were still found between the sexes in readmission rates. The crude readmission (KaplanMeier estimated) rate for women at 1 year was 26.0%, compared with 21.6% for men (P≤0.001) (Figure 1 ).
Principal Discharge Rehospitalization Diagnoses at 1 Year
The principal rehospitalization diagnoses at 1 year for women and men are presented in online-only Data Supplement Table III . Few significant differences were found between cardiac and noncardiac diagnoses between women and men. Women and men had similar rates of cardiac causes (35.2% vs 34.3%, P=0.83). Figure 3 shows the association of sex with 1-year rehospitalization for the overall population, following sequential 
Association of Sex With 1-Year Rehospitalization
DISCUSSION
This study demonstrates that women of all age groups have a higher crude risk of rehospitalization, compared with men, over the first year after AMI. No set of diagnoses caused the difference. Although the increased risk of rehospitalization persisted after adjustment for standard clinical variables, the worse baseline health status and psychosocial state of women attenuated the difference, reducing its magnitude and making it nonsignificant. Our study extends the literature in several important ways. First, this study is the largest to characterize sex differences in the incidence of and association with sex with 1-year rehospitalization after AMI. Prior studies have indicated that older women (≥65 years of age) have ≤60% greater risk for rehospitalization up to 1 year after hospitalization for an acute coronary syndrome compared to men of similar age. [2] [3] [4] [5] [6] Although these studies provided important insight, they did not explicitly focus on understanding sex differences in their primary objectives (as per the current study) and simply reported the Figure 2 . Unadjusted KaplanMeier curve for ≤55-and >55-year-old age groups for 1-year rehospitalization (young men, solid black; young women, solid gray; old men, broken black; old women, broken gray). Figure 3 . Forest plot showing unadjusted/adjusted hazard ratio (HR) and 95% confidence interval (CI) for 1-year rehospitalization in women versus men for the overall population.
incidence of readmission. We also extend our prior work, which focused on examining the 30-day period, whereby we demonstrated that women are more susceptible than men to rehospitalization at 30 days after AMI. 7 Even after adjusting for a range of potentially explanatory variables between sexes, women still had a 22% higher risk of readmission than men of similar age. 7 In the current study, although we show discrepancies in 30-day readmission rates in comparison with our previous work (as indicated by our landmark analysis), we provide supportive evidence that the risk of rehospitalization persists in an elevated state beyond the initial month after hospital discharge, 1 as the crude rate of rehospitalization at 1 year in TRIUMPH was 28% in women versus 23% in men.
Second, women of all age groups appear to be at increased risk for rehospitalization within 1 year after AMI compared with men of similar age. The association between sex and rehospitalization in our study persisted after adjustment for clinical factors. However, the poorer health status and psychosocial state of women appeared to have attenuated the difference. This finding is supported by prior research. For example, Parashar et al 5 demonstrated that after adjusting for depressive symptoms, the relationship between sex and rehospitalization was further attenuated, indicating that depression may be an explanatory factor in the risk of rehospitalization in women. Our study extends these findings by accounting for other important patient outcomes that may explain patients' increased risk of rehospitalization, such as health status, stress, and social support. In addition, our study incorporates physician-adjudicated readmission data versus patient self-report, which has been shown to be unreliable in longitudinal clinical research studies. 35 Third, few studies have deeply investigated the effect of patient-level socioeconomic, presentation characteristics, and psychosocial factors as potential determinants of rehospitalization after AMI, mainly caused by the utilization of administrative datasets and subsequent lack of validated multidimensional instruments among population health studies, 32, 36 and no prior research has explicitly focused on understanding sex differences. Using an observational dataset with detailed information on patient-reported outcomes and clinical and treatment characteristics, we were able to validate whether the risk of rehospitalization after AMI in women extended to 1 year, and we identified factors that may help explain the relationship between sex and rehospitalization. Further research is needed to see whether some of the most important characteristics, such as baseline health and psychosocial status, can be targeted to improve outcomes for women and men and to decrease the sex differences in readmission risk.
Fourth, young women represent a vulnerable population with an excess risk of morbidity and mortality compared with men of similar age.
10,11 Although we did not observe a significant sex-age interaction, it appears that clinically, young women are at greatest risk for rehospitalization as evidenced by the large unadjusted difference. For example, at 1 year, we showed that younger women (≤55 years of age) had a 32% crude rate of rehospitalization compared with only 23% in younger men and a 29% increased risk in older women (>55 years of age). Furthermore, although not significant in the final adjusted model, younger women had a 27% higher risk of rehospitalization at 1 year compared with only 8% in older women. This information on sex differences in rehospitalization risk up to 1 year after AMI, particularly with regard to patient-reported characteristics that are most attenuating this difference (ie, health status), may help inform patients of their long-term recovery and provide worthwhile targets for hospitals to consider addressing in future interventions.
In our study, we also observed interesting patterns with regard to the timing and principal diagnoses of readmission. The separation of the curves for rehospitalization in both sexes occurred around the 30-day time period and was more pronounced for women versus men over the first year after AMI. Furthermore, we observed important differences by age. It appears that visually, younger patients (≤55 years of age) are more likely to present earlier than older patients (>55 years of age) after an AMI. These findings are important because they suggest that women and men (particularly younger women) have a higher risk of rehospitalization in the initial stages after AMI and continue to experience a greater risk over the course of 1 year irrespective of mortality. 7 These data indicate that in order to minimize rehospitalizations during this time period, patients may benefit from in-hospital interventions, and improved discharge planning (which may consist of early ambulatory interventions).
With regard to principal diagnoses of rehospitalization at 1 year, we observed few significant differences by sex. For example, we showed that 25% of patients were readmitted within 1 year and heterogeneity in the causes of readmission was found. These data suggest that the period of generalized vulnerability after hospitalization for many conditions, 37 termed the posthospital syndrome, is equally important for both sexes. These results are consistent with findings from the elderly Medicare population and in younger patients enrolled from administrative claims data.
1,38
Study Implications
We have provided confirmatory evidence that a sex disparity exists for 1-year rehospitalization, whereby women of all age groups are at higher risk compared with men of similar age. This period of vulnerability is long lasting and continues to increase from the first month after hospital discharge up to 1 year after AMI. In addition, our study highlights that the increased risk observed in women may be explained by a complex interplay of multiple factors, such as health status and depression, because adjustment for these factors attenuated the magnitude of the effect. The contribution of these factors on readmission is worthy of future investigation. Moving forward, an opportunity may present itself to design sexbased interventions to improve care for patients after discharge over the first year after AMI, including interventions in women that aim to improve health status and psychosocial well-being.
39-41
Limitations
This study should be interpreted in the context of several potential limitations. First, 20% of patients were missing rehospitalization data at 1-year follow-up because patients were lost to follow-up. However, this limitation is unlikely to bias results because patients with missing data were similar to those without missing data, as confirmed by our sensitivity analysis. Second, a potential selection bias may also exist because not all women and men with AMI at study hospitals were included in this study. However, we found few differences in participation rates by sex. 8 In general, our TRIUMPH study sample is directly comparable to patients with AMI of similar age observed in other large observational studies, supporting the generalizability of our study findings. 42 Third, although our data are derived from 2005 to 2008, we do not believe the age of the data could impact or bias the specific question addressed in these analyses because medical practice has not changed over the last decade. Last, our landmark analysis revealed differences in 30-day readmission rates after AMI in the current dataset versus our prior work. This may be due to differences in study populations because administrative datasets include all patients versus observational prospective datasets such as TRIUMPH that include enrolled patients, and the later tend to represent a healthier population. Additionally, lost to follow-up rates may be higher in prospective studies such as TRIUMPH versus administrative datasets. Overall, we do not believe the differences observed between datasets affect the overall validity of our study findings.
CONCLUSIONS
Women of all ages have a persistently higher risk of rehospitalization compared with men over the first year after AMI. We observed that the spectrum of diagnoses appears to be similar, indicating a general elevation of risk, but not for a particular diagnosis. Psychosocial factors attenuate the risk of rehospitalization, suggesting a potential role in the underlying difference between sexes. Moving forward, healthcare providers should be made aware that women constitute a specific population at greater risk of readmission after AMI and to consider their psychological state as an opportunity to minimize the risks for readmission.
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